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The blood of a 67-year-old Scotsman who was admitted to hospital with an abdominal carcinoma showed 
an abnormal red cell lysis in the oxidase channel of the Technicon H6OOO analyser. This is seen regularly 
with Hb C and sometimes with Hb S and on further investigation a new haemoglobin variant - Hb War- 
wickshire - was found. When the family was examined, other examples were revealed. The haematological 
parameters were normal. Hb Warwickshire is mildly unstable and whilst in the absence of phosphates its 
oxygen dissociation does not differ from that of Hb A, a small fall of oxygen affinity is noted when phos- 
phates are present. 
Human hemoglobin variant Human hemogrobin b-chain 2,3-DPG binding 
1. INTRODUCTION 
A 67-year-old Scotsman was admitted to Coven- 
try and Warwickshire Hospital with abdominal 
pain and vomiting. Laparatomy revealed a large 
mass above and adherent to the duodenum which 
turned out to be an adenocarcinoma. The patient 
died shortly afterwards. A blood count using 
Technicon H&XKl had revealed an abnormal 
distribution of red cell size and an abnormal red 
cell lysis picture. This caused examination of the 
haemolysate by electrophoresis and an abnormal 
band was seen which on further investigation turn- 
ed out to be a hitherto undescribed human haemo- 
globin variant. 
zinc tests [2,3]. Procedures for preparation of 
haemolysates, eparation of haemoglobin by paper 
and cellulose acetate electrophoresis at pH 8.9, 
quantitation of haemoglobin fractions, prepara- 
tion of globin, of tryptic peptides derived there- 
from, their two-dimensional separation by high- 
voltage electrophoresis and chromatography, elu- 
tion of peptides and their analysis have been sum- 
marised 141. Globin chain separation followed 
established techniques [5,6]. For functional studies 
the haemoglobin was isolated by electrofocusing 
[7]. An automatic oxygenation apparatus was used 
[8] and the data were analysed by a microcomputer 
[9]. Methaemoglobin was determined using pub- 
lished molecular extinction coefficients [lo]. 
2. METHODS 3. RESULTS 
The determination of haemotological data 
followed the established routine [l]. Resides the 
Coulter Counter, the Technicon H6000 was also 
used on some occasions. The lability of the haemo- 
globin was determined by the isopropanol and the 
The haemolysate of the patient contained 38% 
of the haemoglobin variant and lability tests were 
slightly positive after 15 min with isopropanol and 
after 30 min with zinc. Chain separation on 
cellulose acetate indicated that the variant had an 
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Fig.1. ‘Fingerprint’ of the tryptic peptides of the&chain 
of Hb Warwickshire. Amino a&d stains: A, arginine; H, 
histidine; T, tyrosine; Tp, tryptophan. The tryptic PeP- 
tide gl (.&l-S) is missing. Two new peptides are seen in- 
stead. They correspond to Pl-5 and P6-8, respectively. 
For details see text. 
additional positive, or one less negative charge in 
the &chain. The B-chain was isolated, digested 
with trypsin and the tryptic digest was ‘finger- 
printed’. The two-dimensional chromatogram 
showed that peptide flp1 @31-S) was missing and 
that two new peptides had appeared instead (fig. 1). 
One of these, no.1 in fig.1, stained for histidine 
and arginine and on analysis contained Z&amino 
acid residues: 4 of these corresponded to the first 
4 residues of @TpI (Vail, Hisl, Leul, Serl), the 
fifth amino acid was an arghiine and as this was a 
tryptic peptide it had to be in the C-terminal posi- 
tion. The other peptide (no.2) was on analysis 
Gluz, Lysl. The el~trophoretic mobility of this 
peptide indicated that both ‘Glu’ residues were 
derived from glutamic acid rather than from 
glutamine and that this tryptic peptide correspond- 
ed to the last three residues of pTp1: 
Glu+Glu+Lys. Thus the difference of the&chain 
variant from @ was a change at position @5 fA2J 
of pro-*Arg. 
The role of ,8S Pro is of interest because the y- 
chain has a Glu in that position, and it was decided 
to submit the new haemoglobin to a careful ex- 
amination of its functional properties in Dr Imai’s 
laboratory. As will be seen from table I, the ox- 
ygen dissociation curve of Hb A and Hb War- 
wickshire are practically identical in the absence of 
phosphates. The curves (not reproduced here) are 
superimposable. However, there is a small but 
definite fall in oxygen affinity when Hb War- 
wickshire is compared with Hb A in the presence 
of phosphates. 
Table 2 shows that the haematological findings 
in the propositus and his family were normal. The 
mild instability of the haemolysate found in the 
Conditionsa 
Table 1 
Oxygenation properties of Hb A and Hb Warwickshire 
Pso P P%vF?~’ PJP/P#” Met Hb% 
PH Phosphate 
(mm&) (pH 7.4-7.5) after 
rne~urerne~t 
HbA 
7.9 
7.4 
6.95 
7.45 
7.5 
none 2.44 2.79 7.3 
none 4.20 0.48 2.90 10.3 
none 6.68 2.93 8.4 
1 mM DPG 9.96 2.37 3.07 7.2 
1 mM IHP 33.9 8.07 2.62 5.4 
Hb cut62 SPro+Arg 
7.9 none 2.47 1.01 2.93 6.1 
7.4 none 4.22 0.48 1.00 2.97 8.0 
6.95 none 6.87 1.03 2.96 7.1 
7.45 1 mM DPG 11.0 1.10 2.61 3.05 5.8 
7.5 1 mM IHP 39.3 1.16 9.31 2.54 5.4 
’ Other conditions: in 0.5 M Tris buffer (pH 7.9) or 0.05 M bistris buffer (pH 7.4-7.5) containing 0.1 M Cl-, at 25°C; 
haemoglobin concentration, 60 PM on haem basis 
b Bohr coefficient (-Alog fso/ApH) 
’ Maximal slope of the Hill plot 
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Table 2 
Haematologi~ findings 
Relation to 
(g%) ( xI%/l) 
Hct MCH MCV MCHC Abnormal HbF HbAz 
propositus (l/l) (Pg) (fl) (g/dl) (Hb%) ml voo) 
and d.o.b. 
Propositus 12.9 4.60 40.8 28.0 89 31.6 38 0.4 3.2 
1914 
Daughter 12.9 4.61 39.8 28.0 86 32.4 none 0.5 3.4 
1937 
Son 14.1 4.46 39.6 31.9 88 35.9 none 0.5 3.2 
1942 
Son 15.0 5.07 44.2 29.8 87 34.2 31 0.5 2.7 
1945 
Brother 14.8 4.88 41.6 29.5 85 34.6 36 0.5 3.3 
1923 
pro~situs was present in all other carriers of this 
haemoglobin. The somewhat abnormal findings 
seen with Technicon H6000 are sometimes asso- 
ciated with abnormal haemoglobins but also some- 
times with changes in the blood chemistry. It was 
relevant therefore that the same observations were 
also made with the healthy carriers of Hb War- 
wickshire. The abnormal haemoglobin when pre- 
sent was not found in exactly the same proportion 
in the different carriers. 
4. DISCUSSION 
The replacement of 85 [A51 Pro by an arginine 
increased the phosphate binding capacity of the 
haemoglobin tetramer as if, as it were, ,& Pro 
assists in the off-loading of 2,3-DPG. Dr M.F. 
Perutz suggested that such observations may throw 
light on the ‘fine tuning’ of the 2,3-DPG binding 
of which of course the major residues involved, fll 
Val, 2 His, 82 Lys and 143 His, are well recognis- 
ed. It would be of interest to find substitutions of 
,&5 Pro other than Arg and to test whether they also 
affect the 02 binding in the presence of phos- 
phates. This would indicate whether the change in 
off-loading of the 2,3-DPG is due to the absence of 
,& Pro or the introduction of the positively 
charged arginine residue; its distance from the 
DPG is however too far to permit a direct interac- 
tion (M.F. Pertuz, personal communication). 
We thank Dr M.F. Perutz for helpful discus- 
sions and Professor N.K. Shinton for his interest, 
particularly his help with the family study. 
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